To study the effect of simple vs complex carbohydrates (SCHO and CCHO respectively) containing breakfasts on blood parameters, hunger and satiety and mood. DESIGN: A 2-day, open, randomised, cross-over trial. SUBJECTS: A total of 26 male subjects (3476 y; BMI 23.472.2 kg m À2 ). MEASUREMENTS: Blood glucose, insulin, triacylglycerols (TG), free fatty acids (FFA) and cholecystokinin (CCK) were determined repeatedly for 4 h on both test days after a breakfast containing SCHO or CCHO. Feelings of hunger and satiety were determined at similar time points as well. Mood state was examined 3 h after breakfast consumption. RESULTS: Consumption of a SCHO breakfast resulted in higher glucose and insulin levels at 30 min after breakfast consumption. TG at 180 min, and FFA at 180 and 240 min were higher after SCHO breakfast than after CCHO breakfast. Satiety scores were higher after CCHO breakfast consumption for the first 90 min after intake. Furthermore, the item 'fatigue' was scored higher after SCHO breakfast than after CCHO breakfast intake. CONCLUSION: Consumption of a CCHO breakfast is favourable in comparison to a SCHO breakfast, because of the lower perception of 'fatigue' and the higher degree of satiety after consumption.
Introduction
The 'global epidemic of obesity' 1 is due to changes in society:
modernisation results in overnutrition and a sedentary lifestyle. 2 The increasing prevalence of obesity has been stated to be 'a normal adaptation of body weight to an abnormal environment'. 3 Subjects suffering from obesity might have features related to the metabolic syndrome as well. The combination of metabolic disturbances (high plasma insulin, high blood pressure, high plasma triacylglycerols, low HDL-cholesterol, diabetes mellitus or impaired glucose tolerance) has been suggested to be affected by insulin resistance. [4] [5] [6] Weight loss and food consumption of low-glycemic index (GI) food or of carbohydrates have been speculated to improve obesity as well as insulin resistance. [6] [7] [8] In general, the fat consumption has decreased in the western societies, and therefore the rise in prevalence of obesity needs to be explained by other dietary and environmental factors, for example the increase of simple carbohydrates and the decrease in physical activity. The effect of consumption of a low-fat diet on body weight reduction and on HDL-cholesterol decrease has been debated before, 9, 10 illustrating that specific food consumption might have positive as well as negative effects.
A dietary factor that may influence body weight and insulin resistance is the carbohydrate composition of the diet. Owing to the present trend towards an increase in carbohydrate consumption, the effect of the type of carbohydrate on body weight gain and insulin sensitivity might be related to the increasing prevalence of obesity and of insulin resistance.
Variation of the amount of simple (SCHO) and complex carbohydrates (CCHO) will result in less pronounced variations in blood glucose and insulin levels. A low or high GI of food is known to have a minor or stronger effect on blood glucose after consumption of the food product in comparison with a standard glucose load. 11, 12 Several investigators have studied the effect of isolated macronutrients or a single food product on GI. 11 In daily life, however, combinations of macronutrients are consumed varying in carbohydrate composition as well (complex or simple), both with meals and snacks. Therefore, in this study two normal breakfasts, based on a normal Dutch breakfast for men aged 22-50 y, 13 were compared. These were similar in type of food products, but different in ratio of simple to complex carbohydrates. The aim of this study was to investigate whether even small changes within the macronutrient composition of breakfast already have an effect on metabolic and subjective parameters of hunger and satiety. Therefore, the effect of two breakfasts, different in type of carbohydrate composition, on blood glucose, insulin, fat and cholecystokinin (CCK) in healthy men was studied. Since it has been demonstrated that especially carbohydrates affect mood and stress 14 this was examined in the present study as a secondary parameter as well. By means of questionnaires the scores on hunger, satiety and mood were investigated.
Methods

Subjects
Male volunteers, aged 25-45 y, were recruited from the pool of volunteers of TNO Nutrition and Food Research. Respondents received a verbal briefing together with the information in writing. All volunteers gave informed consent and filled in a questionnaire on lifestyle, medical history and dietary habits. Each of the respondents was physically examined and blood was collected after an overnight fast for routine blood chemistry. All volunteers included had a body mass index (BMI) below 28 kg m
À2
, were healthy as indicated by the medical questionnaire and the physical examination, had a normal (Dutch) dietary pattern, and their body weight was stable during the month preceding the study (72 kg). Eligible subjects did not suffer from gastrointestinal complaints and/ or a metabolic or endocrine disease. They were all nonsmoking, did not use any soft or hard drugs, nor did they consume more than 28 glasses of alcoholic beverages a week. In total, 26 men participated. Baseline characteristics are presented in Table 1 .
Study protocol
The study was a 2-day, open, randomised, crossover trial. At day 01, subjects were randomly assigned to receive a breakfast with a high or low ratio of simple-to-complex carbohydrates. At day 08, after at least 1-week wash-out period, subjects received the alternate breakfast. The washout period between both test days ranged for subjects between 7 and 21 days. Randomisation on age, BMI and fasting glucose and insulin was successful.
The evening meal before both test days was controlled and supplied by the TNO metabolic ward (a 'ready-to-eat' dinner), in order to keep prior food intake similar. Also, the physical activity during the day preceding the test day was kept constant (daily life and sport activities). On both test days, the volunteers came to the TNO metabolic ward where breakfast was served. Before having breakfast a fasting blood sample was collected. After having breakfast, blood samples were obtained frequently till 4 h after starting breakfast. During this 4 h period, the volunteers were not allowed to eat or drink anything.
During each visit to the TNO metabolic ward a health questionnaire, to examine adverse events, was filled in by the volunteers and their body weight was registered. Compliance of evening meal consumption was checked by asking the volunteers to return the empty bag of the 'readyto-eat' meal on the test day and intake of breakfast was controlled by a dietitian.
Adverse events were determined by the medical investigator based on the well-being questionnaire and on spontaneous reporting.
The study was performed according to the ICH Guideline for Good Clinical Practice and was approved by the independent Medical Ethics Committee of TNO.
Breakfast
The two breakfasts differed in subgroups of carbohydrates. The macronutrient composition was kept similar and was based on a normal Dutch breakfast for men aged 22-50 y. 13 A differentiation was only made within the group of carbohydrates with respect to SCHO and CCHO, respectively (see Table 2 ). The SCHO breakfast contained as little as possible polyand as much as possible mono-and disaccharides and consisted of the following four food products: white bread (two slices, 60 g), coloured, fruit-flavoured sprinkles (40 g), low-fat margarine Becel (8 g) and milk (200 ml). The CCHO (5 g) and currant bread (two rolls, 100 g).
Coffee and treat were allowed on both test days ad libitum up to 500 ml (no sugar added).
The ratio between simple (mono-and disaccharides) and complex carbohydrates (polysaccharides) in the CCHO breakfast (1 : 1.6) was reverse to the SCHO breakfast (1.7 : 1) (see Table 2 ).
Blood chemistry
Blood was collected after an overnight fast from the antecubital vein using Vacutainer tubes (10 ml). For serum collection, blood was collected in tubes containing clot activator. Blood was centrifuged within 15-30 min after collection (10 min, 2.000 Â g, 41C) and serum stored at À181C. Prestudy clinical chemistry as well as safety parameters were determined. In study parameters measured were: glucose, triacylglycerols (TG) and free fatty acids (FFA), which were determined using commercial test kits (Boehringer, Mannheim, Germany) on a Hitachi 911 automatic analyser (Hitachi Instrument Division, Ibaraki-ken, Japan). Insulin was determined using AIA-600 Immunoassay Analysator. CCK was measured by a sensitive and specific radioimmunoassay as described elsewhere. 15 
Study parameters
On both test days, blood was collected at 0, 30, 60, 90, 120, 180 and 240 min after breakfast. Glucose, insulin, TG, FFA and CCK were determined.
On both test days body weight was registered. Before having breakfast and 30, 60, 90, 120, 180 and 240 min after starting breakfast the volunteers were asked to score their feelings of hunger and satiety by means of 100 mm visual analog rating scales (VARS). Also, at 180 min after the start of having breakfast the profile of mood states (POMS) questionnaire was filled in by the volunteers. 16 POMS is a questionnaire consisting of 32 adjectives describing mood states, which could be scored between 0 and 4. The described mood states are depression, anger, fatigue, vigor and tension.
Statistics
Results were expressed as mean 7 standard deviation (s.d. ), unless stated otherwise. Data were analysed using the SAS statistical software package (SAS/STAT Version 6, SAS Institute, Cary, NC, USA).
The obtained data (blood parameters and questionnaires) were analysed by means of t-tests to investigate the differences between the two sorts of breakfast. This was analysed for both the consecutive time points and curve characteristics, like area under the curve (AUC), time to reach the maximum value of a parameter (T max ) and the maximum response (C max ).
Statistical analysis showed that there was no carryover effect (P40.05). Also, no interaction existed between treatment and the difference in amount of days between the two visits (P40.05).
In all performed statistical analyses, the null hypothesis was rejected at the 0.05 level of probability.
Results
General
All 26 participants completed the study. The baseline characteristics are presented in Table 1 .
Compliance of the 'ready-to-eat dinner' consumed on the evening prior to the test-breakfast was 96%. One subject ate a self-chosen dinner. Since he consumed a similar meal the evening before the second test day and subjects were their own control because of the crossover design of the study, his data was used normally.
The compliance of breakfast-intake was 100%. On both test days, all volunteers were asked to finish their breakfast in 10 min (range 4-25 min).
Nine adverse events were reported during the study. All adverse events were not or unlikely to be related to the study.
Study parameters
Blood parameters. Generally, the blood parameters glucose, insulin, TG, FFA and CCK did not show different patterns after consumption of the two breakfasts. However, 30 min after having breakfast glucose tended to be higher after SCHO (7.5 mmol/l) than after CCHO (7.1 mmol/l) breakfast (P ¼ 0.05) (Figure 1 ). At this same time-point insulin was significantly higher after intake of SCHO (53.6 mU/l) than CCHO breakfast (38.0 mU/l) (Po0.05) (Figure 2) . TG was only different after 240 min of having breakfast (Po0.05) (Figure 3 ). Significant differences on other time-points were not present. For FFA, significantly lower levels were found after intake of CCHO than SCHO breakfast at t ¼ 180 and 240 (Figure 4 ). No differences in CCK patterns were found after consumption of either of the breakfasts ( Figure 5 ). Some curve characteristics were significantly different between the breakfasts. The maximum concentration of glucose was reached significantly earlier (T max ) after SCHO (on average 31.275.9 min) than CCHO breakfast (39.2714.1 min) (Po0.05). The AUC of blood insulin differed significantly (lower AUC for CCHO, see Figure 2 ). Besides the AUC, the C max of insulin differed significantly between the two breakfasts. The maximum concentration of insulin reached was 59.3725.1 mU/l after intake of SCHO breakfast vs 49.7720.3 mU/l for CCHO breakfast (Po0.05). For TG and FFA it is remarkable that after approximately 120 min the curve separates (see Figures 3 and 4) . T max for TG, FFA and C max for FFA are significantly different (Po0.05).
Hunger and satiety scores. With respect to the scores on 'hunger' and 'satiety' the following differences were observed. After 60 and 180 min of having breakfast, higher scores on 'hunger' were reported with SCHO than CCHO breakfast (Po0.05) (Figure 6 ). For 'satiety' scores, significant differences were found after 0, 30, 60 and 90 min (Po0.05). The 'satiety' feelings were higher with CCHO breakfast than SCHO breakfast (Figure 7) .
The curve characteristics AUC, T max , and C max did not differ between the two breakfasts. Table 3 , the POMS questionnaire was significantly different between the two breakfasts on the item 'fatigue'. After intake of SCHO breakfast the score on 'fatigue' was 2.773. 3 and after intake of CCHO breakfast this score was 1.571.7 (Po0.05). A trend was found for the item 'anger' (P ¼ 0.10). Two different carbohydrate breakfasts WJ Pasman et al
POMS. As can be seen in
Discussion
The present study showed that differences within the macronutrient composition of carbohydrates in an isoenergetic breakfast can result in a favourable effect on perception of hunger and satiety, and mood state in healthy male subjects. The effect was shown with (subjective) questionnaires as well as with physiological (objective) parameters.
The effect on mood state, feeling less fatigue after CCHO breakfast consumption in the present study, is in line with other studies as well. In a study investigating the effect of fibre breakfast cereals, it was found that perception of fatigue was significantly lower after high-fibre breakfast cereal intake. 17 As a result of the higher content of dietary fibre in the CCHO breakfast in the present study as well, it is difficult to indicate whether this is an effect of the CCHO in the diet or of the amount of dietary fibre. The relation of carbohydrates and mood has been suggested to be affected by actions of blood-brain tryptophan and serotonin. It might be useful to know that the POMS questionnaire might be useful to examine this relation as well.
The positive effect found of the CCHO breakfast, reducing hunger and increasing satiety feelings, corresponds to related studies examining the effect of dietary fibres or low GI diets as well. [18] [19] [20] [21] [22] The review by Roberts recently showed that foods with a high GI may increase hunger and promote overeating, as we would like to suggest in this study as well for the SCHO breakfast. As a result of the faster rise of hunger feelings, subjects will eat more frequently and therefore ingest in total more energy daily. This was also observed with regard to unavailable carbohydrates that reduced hunger feelings in a study carried out by Sparti and coworkers. 19 The authors suggested that the lower hunger perception with a diet high in unavailable carbohydrates may be helpful for a better control of food intake. 19 In a study with obese teenage boys, the concomitant rapid rise in glucose after consumption of a high GI meal was the trigger for excessive food intake.
20
. A comparison between consumption of simple and complex carbohydrates has been drawn before. In a multicentre, randomised ad libitum feeding trial, Saris et al 21 tested
the effects of altering the ratio of fat to carbohydrate, as well as simple to complex carbohydrate per se, on body weight in overweight individuals. They found weight loss with both low-fat diets: a low-fat high simple carbohydrate and low-fat high complex carbohydrate diet. Weight loss was of 0.9 kg (Po0.05) and 1.8 kg (Po0.001) respectively, while the control diet group and seasonal control group gained weight (0.8 and 0.1 kg, NS). Fat mass changed by À1.3 kg (Po0.01), À1.8 kg (Po0.001) and +0.6 kg (NS) in the low-fat high simple carbohydrate, low-fat high complex carbohydrate and control diet groups, respectively. It was suggested that reduction of fat intake resulted in a modest but significant reduction in body weight and body fatness. The concomitant increase in either simple or complex carbohydrates did not indicate significant differences in weight change. 21 Our present acute findings suggest that the reduction in body weight in the low-fat high complex carbohydrate group compared to the control group, as found by Saris et al.
21
might be related to a longer duration of satiety because of a high intake of complex carbohydrates. However, the difference in dietary fibre content in the present study is a confounding factor, because as has been found before, and CCHO breakfast (----) consumption. * Significant difference between both test conditions. Two different carbohydrate breakfasts WJ Pasman et al dietary fibres itself affects satiety as well. 22 Another 6 month intervention study examining SCHO vs CCHO showed a reduction of body weight with CCHO as well, which was not found for the group consuming an SCHO diet. 23 The differences in complex and simple carbohydrates in a diet are related to the discussion whether our diet should contain mainly low or high GI food products. A number of studies stress that a diet high in GI will deteriorate insulin sensitivity and in the long-term end up in diabetes mellitus and obesity. It is however questionable whether this is the case in normal-weight healthy subjects in which glucose loads are well-tolerated, as is shown in the present study. The body is very well able to handle the amount of glucose, because of the normal flexibility of the system. Also, PiSunyer 24 concluded recently that the hypothesis of a high GI being detrimental for health is still controversial.
Based on the present findings and results presented so far, we suggest that a diet containing a high portion of complex carbohydrates might be useful for body weight control via reduction of food intake. This is in agreement with the health benefits of a low GI diet as was recently reviewed by Ludwig. 25 
Conclusion
Consumption of a CCHO breakfast is favourable in comparison to a SCHO breakfast, because of the lower perception of 'fatigue' and the higher degree of satiety after CCHO consumption.
